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(57) Abstract 

Novel copolymers of unsaturated acidic reactants and high molecular weight olef- 
ins wherein at least 20 percent of the total high molecular weight olefin comprises the al- 
kylvinylidene isomer are useful as dispersants in lubricating oils and fuels and also may 
be used to prepare polysuccinimides and other post-treated additives useful in lubricating 
oils and fuels. 
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01 NOVEL POLYMERIC DISPERSANTS HAVING ALTERNATING 

0 2 POLYALKYLENE AND SUCCINIC GROUPS 
03 

04 BACKGROUND OF THE INVENTION 

05 

06 The present invention relates to compositions which are 

useful as intermediates for dispersants used in lubricating 
oil compositions or as dispersants themselves. In addition, 
some of these compositions are useful in the preparation of 

10 novel high molecular weight dispersants which have superior 

11 dispersant properties for dispersing sludge and varnish and 

12 superior viton Seal compatibility. 
13 

14 The high molecular weight dispersants of the present 

15 invention also advantageously impart fluidity modifying 

16 properties to lubricating oil compositions which are suffi- 

18 index improver from multigrade lubricating oil compositions 

19 which contain these dispersants. 

«■» 

u 

21 Alkenyl-substituted succinic anhydrides have been used as 

22 dispersants. Such alkenyl-substituted succinic anhydrides 
have been prepared by two different processes, a thermal 
process (see, e.g., U.S. Patent No. 3,361,673) and a 
chlorination process (see, e.g., U.S. Patent No. 3,172,892). 

26 The polyisobutenyl succinic anhydride ("PIBSA") produced by 

27 the thermal process has been characterized as a monomer 

28 containing a double bond in the product. Although the exact 
structure of chlorination PIBSA has not been definitively 
determined, the chlorination process PIBAs have been charac- 

31 terized as monomers containing either a double bond, a ring, 

32 other than a succinic anhydride ring and/or chlorine in the 

33 product. (See J. Weill and B. Sillion. "Reaction of 

34 Chlorinated Polyisobutene with Maleic Anhydride: Mechanism 



23 
24 
25 



29 
30 
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01 Catalysis by Dichloromaleic Anhydride", Revue de 1'Institut 

02 Frangais du" Petrole, Vol. 40, No. 1, pp. 77-89 

03 ( January-February, _ 1985) . ] Such compositions include 

04 one— to-one monomeric adducts (see, e.g., U.S. Patents 

05 Nos. 3,219,666; 3,381,022) as well as adducts having poly- 

06 alkenyl-derived substituents adducted with at least 1.3 

07 succinic groups per polyalkenyl-derived substituent (see, 

08 e.g., U.S. Patent No. 4,234,435). 
09 

10 In addition, copolymers of maleic anhydrides and some ali- 

11 phatic alpha-olef ins have been prepared. The polymers so 

12 produced were useful for a variety of purposes including 

13 dispersants for pigments and intermediates in the prepara- 

14 tion of polyesters by their reaction with polyols or poly- 

15 epoxides. However, olefins having more than about 30 carbon 

16 atoms were found to be relatively unreactive. (See, e.g. 



18 
19 



atoms were found to be relatively unreactive. i&ee, e.g., 
3,560,457? 3,580,893; 3,706,704; 3,729,450; and 3,729,451). 



SUMMARY OF THE I J7VENT I ON 



21 

22 The present invention is directed to novel compositions 

23 useful as additives which comprise copolymers of an unsatu- 

24 rated acidic reactant and high molecular weight olefin 

25 wherein at least about 20 percent of the total high 

26 molecular weight olefin comprises the alkylvinylidene 

27 isomer, said copolymers having alternating succinic and 

28 polyalkyl groups. The high molecular weight olefin has a 

29 sufficient number of carbon atoms such that the resulting 

30 copolymer is soluble in lubricating oil. Suitable olefins 

31 include those having about 32 carbon atoms or more (prefer- 

32 ably having about 52 carbon atoms or more). Those preferred 

33 high molecular weight olefins include polyisobutenes. 

34 Especially preferred are polyisobutenes having average 



* 
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01 molecular weights of from about 500 to about 5000 and in 

02 which the alkylvinylidene isomer comprises at least 50 

03 percent of the total olefin. 



28 



These copolymers are useful as dispersants themselves and 
also as intermediates in the preparation of other dispersant 



04 
05 
06 

07 additives having improved dispersancy and/or detergency 

08 properties when employed in a lubricating oil. 
09 

10 These copolymers are also advantageous because they do not 

11 contain double bonds , rings, other than succinic anhydride 

12 rings, or chlorine (in contrast to thermal and chlorination 

13 PlBSAs) and as such have improved stability, as well as 

14 improved environmental properties due to the absence of 

15 chlorine. 
16 

i-r Tho nrpcpni- Invention is also directed to ool vsuccinimides 

18 which are prepared by reacting a copolymer of the present 

19 invention with a polyamine to give a polysuccinimide . The 

l%% uLttbeul iuveuLiuu lb JikcCtcJ t-w i!iCr*w-poly 3UCC iT.ir^i dc Z 

21 (where a polyamine component reacts with one succinic 

22 group); bis-polysuccinimides (where a polyamine component 

23 reacts with a succinic group from each of two copolymer 

24 molecules, thus effectively cross-linking the copolymer 

25 molecules); and higher polysuccinimides (where a polyamine 

26 component reacts with a succinic group from each of greater 

27 than 2 copolymer molecules). These polysuccinimides are 
useful as dispersants and/or detergents in fuels and oils. 



29 In addition, these polysuccinimides have advantageous vis- 

30 cosity modifying properties, and may provide a viscosity 

31 index credit ("V.I. Credit") when used in lubricating oils, 

32 which may permit elimination of some portion of viscosity 

33 index improver ("V.I. Improver" ) from multigrade lubricating 

34 oils containing the same. 
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01 In addition, the polysuccinimides of the present invention 

02 can form a ladder polymeric structure or a cross-linked 

03 polymeric structure. These structures are advantageous 

04 because it is believed such structures are more stable and 

05 resistant to hydrolytic degradation and also to degradation 

06 by shear stress. 
07 

08 In addition, the present invention is directed to modified 

09 polysuccinimides wherein one or more of the nitrogens of the 

10 polyamine component is substituted with a hydrocarbyl oxy- 

11 carbonyl, a hydroxyhydrocarbyl oxycarbonyl or a hydroxy 

12 poly(oxyalkylene)-oxycarbonyl. These modified polysuccini- 

13 mides are improved dispersants and/or detergents for use in 

14 fuels or oils. 
15 

16 Accordingly, the present invention also relates to a lubri- 

18 of lubricating viscosity and an amount of a copolymer, 

19 polysuccinimide or modified succinimide additive of the 

on nr*»fc«»Tir invpnrinn stirficient: no provide di spe l a»<an uy diiu/oi 

21 detergency. The additives of the present invention may also 

22 be formulated in lubricating oil concentrates which comprise 

23 from about 90 to about 50 weight percent of an oil of lubri- 

24 eating viscosity and from about 10 to about 50 weight 

25 percent of an additive of the present invention. 
26 

27 Another composition aspect of the present invention is a 

28 fuel composition comprising a major portion of a fuel 

29 boiling in a gasoline or diesel range and an amount of 

30 copolymer, polysuccinimide or modified succinimide additives 

31 sufficient to provide dispersancy and/or detergency. The 

32 present invention is also directed to fuel concentrates 

33 comprising an inert stable oleophilic organic solvent 

34 boiling in the range of about 150°F to about 400°F and from 
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01 about 5 to about 50 weight percent of an additive of the 

02 present invention. 
03 

04 Definitions 



05 
06 
07 
06 
09 
10 
11 

13 x-C-CH - CH-C-X' (") 

14 
15 
16 

1 "7 

18 
19 



23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



As used herein, the following terms have the following 
meanings unless expressly stated to the contrary. 

The term "unsaturated acidic reactants" refers to maleic or 
fumaric reactants of the general formulas 

O O 



wherein X and X» are the same or different, provided that at 
least one of X and X' is a group that is capable of reacting 
to ester if v alcohols, form amides or amine salts with ammo- 
nia or amines, form metal salts with reactive metals or 
basically reacting metal compounds and otherwise function as 

. . t , t_ m l 1 1 .. v -,~A V r 4 «r _CtU -fl-hwrt r O— 

21 carbyl, -Off where represents one equivalent of a metaX, 

22 ammonium or amine cation, -NH 2 , -Cl, -Br, and taken together 
X and X' can be -O- so as to form an anhydride. Preferably 
X and X' are such that both carboxylic functions can enter 
into acylation reactions. Maleic anhydride is a preferred 
unsaturated acidic reactant. Other suitable unsaturated 
acidic reactants include electron-deficient olefins such as 
monophenyl maleic anhydride; monomethyl, dimethyl, mono- 
chloro, monobromo, monofluoro, dichloro and difluoro maleic 
anhydride; N-phenyl maleimide and other substituted 
maleimides; isomaleimides ; fumaric acid, maleic acid, alkyl 
hydrogen maleates and fumarates, dialkyl fumarates and 
maleates, fuiuaronilic acids and maleanic acids; and 

34 maleonitrile , and f umaroni tr ile . 
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01 The term "alkylvinylidene" or "alkylvinylidene isomer" 

02 refers to high molecular weight olefins and polyalkylene 

03 components having the following vinylidene structure 
04 

05 f" 2 

06 / \ 

07 R R v (III> 
08 
09 
10 
11 
12 



14 
15 
16 
x / 
18 
19 

-»« 
mm w 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



wherein R is alkyl or substituted alkyl of sufficient chain 
length to give the resulting molecule solubility in lubri- 
cating oils and fuels, thus R generally has at least about 
30 carbon atoms, preferably at least about 50 carbon atoms 



and R is lower alkyl of about 1 to about 6 carbon atoms. 
13 v 



The term "soluble in lubricating oil" refers to the ability 
of a material to dissolve in aliphatic and aromatic hydro- 

rKnn c- ciir*H st c InKriraf fnn n^le r* r fuel c <n eccpf>t-i allv all 

proportions. 

rnp rprw :: 'ni g'n mniecuiar weiohc olefins" refers to olefins 

(including polymerized olefins having a residual unsatura- 
tion) of sufficient molecular weight and chain length to 
lend solubility in lubricating oil to their reaction prod- 
ucts. Typically olefins having about 32 carbons or greater 
(preferably olefins having about 52 carbons or more) 
suffice • 

The term "high molecular weight polyalkyl" refers to poly- 
alkyl groups of sufficient molecular weight and hydrocarbyl 
chain length that the products prepared having such groups 
are soluble in lubricating oil. Typically these high 
molecular weight polyalkyl groups have at least about 30 
carbon atoms, preferably at least about 50 carbon atoms. 
These high molecular weight polyalkyl groups may be derived 
from high molecular weight olefins. 
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01 The term "PIBSA" is an abbreviation for polyisobutenyl 

02 succinic anhydride. 
03 

04 The term "polyPIBSA" refers to a class of copolymers within 

05 the scope of the present invention which are copolymers of 

06 polyisobutene and an unsaturated acidic reactant which have 

07 alternating succinic groups and polyisobutyl groups. 

08 FolyPIBSA has the general formula 




18 



wherein n is one or greater; R^ , R 2 # R 3 an( * R 4 are selected from 

• >— +- J f **" J — «^ w — J — »»**m w ~ mm ~f «— — — — — ' «——•«—«■» — — ~ — 

21 atoms (preferably at least about 50 carbon atoms) wherein either 

22 and R2 are hydrogen and one of R^ and R^ is methyl and the 

23 other is polyisobutyl, or R 3 and R 4 are hydrogen and one of R x 

24 a nd R 2 is methyl and the other is polyisobutyl. 
25 

26 The term "PIBSA number" refers to the anhydride (succinic group) 

27 content of polyPIBSA on a 100% actives basis. The PIBSA number 
2B i S calculated by dividing the saponification number by the 

29 percent polyPIBSA in the product. The units are mg KOH per gram 

30 sample. 
31 

32 
33 
34 
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02 
03 



The term "succinic group" refers to a group having the formula 



O 

I 

04 -CH-C-W 

05 -CH-C-Z (IV) 

06 (I 

O 

07 

08 wherein W and Z are independently selected from the group 

09 consisting of -OH, -Cl , -O- lower alkyl or taken together 

10 are -O- to form a succinic anhydride group. 
11 

12 The term "degree of polymerization" expresses the length of 

13 a linear polymer and refers to the number of repeating 

14 (monomeric) units in the chain. The average molecular 

15 weight of a polymer is the product of the degree of polymer- 

16 ization and the average molecular weight of the repeating 

18 merization is calculated by dividing the average molecular 

19 weight of the polymer by the average molecular weight of the 

on r pno annn nm r . 

21 

22 The term "polysuccinimide" refers to the reaction product of 

23 a copolymer of the present invention with polyamine. 
24 

25 BRIEF DESCRIPTION OF THE DRAWING 

26 

27 FIG. 1 depicts one embodiment of a polysuccinimide of the 

28 present invention, wherein R is polyisobutyl, R x is lower 

29 alkyl, I is an initiator group and T is a terminator group. 
30 

31 
32 
33 
34 
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01 DETAILED DESCRIPTION OF THE INVENTION 



02 
03 
04 
05 
06 
07 
08 
09 
10 



24 

25 
26 



A. COPOLYMER 



The copolymers of the present invention are prepared by 
reacting a high molecular weight olefin wherein at least 
about 20% of the total olefin composition comprises the 
alkylvinylidene isomer and an unsaturated acidic reactant in 
the presence of a free radical initiator. Suitable high 
molecular weight olefins have a sufficient number of carbon 

11 atoms so that the resulting copolymer is soluble in 

12 lubricating oil and thus have on the order of about 32 

13 carbon atoms or more. Preferred high molecular weight of 

14 olefins are polyi sobutenes and polypropylenes . Especially 

15 preferred are polyisobutenes, particularly preferred are 

16 those having a molecular weight of about 500 to about 5000, 

17 more preferably about 900 to about 2500. Preferred 

18 
19 

5>n 



unsaturated acidic reactants incxuae maxeic annyauoe. 
Since the high molecular weight olefins used to prepare the 

21 copuiymt: l & Oi cue plcacu t- v w*» ^w**w *. j « 

22 of individual molecules of different molecular weights, 

23 individual copolymer molecules resulting will generally 
contain a mixture of high molecular weight polyalkyl groups 
of varying molecular weight. Also, mixtures of copolymer 
molecules having different degrees of polymerization will be 

27 produced. 
28 

29 The copolymers of the present invention have an average 

30 degree of polymerization of 1 or greater, preferably from 

31 about 1.1 to about 20, and more preferably from about 1.5 to 

32 about 10. 
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01 Among other, factors, the present invention is based on my 

02 surprising finding that the reaction of these high molecular 

03 weight olefins wherein at least about 20% of the total 

04 composition comprises the methylvinylidene isomer with an 

05 unsaturated acidic reactant in the presence of a free 

06 radical initiator results in a copolymer having alternating 

07 polyalkylene and succinic groups. This is surprising in 

08 view of the teachings that reaction of polyalkenes, such as 

09 polyisobutenes, with unsaturated acidic reactants such as 

10 maleic anhydride, in the presence of a free radical 

11 initiator, resulted in a product similar to that produced by 

12 the thermal process for PIBSA which is a monomeric 

13 one-to-one adduct (see, e.g., U.S. Patent No. 3,367,864). 

14 It was taught that high molecular weight olefins were rela- 

15 tive unreactive under those conditions which was confirmed 

16 by my findings that reaction of polyisobutene prepared using 
x/ a.«.w4.£ Lawaxybi& i in wnxcu tne aiKyivxnynaene isomer com- 

18 prised a very small proportion (less than about 10%) of the 

19 total composition] with maleic anhydride in the presence of 

«• r r «=»«= r «ri i r?»i i n 1 r i arnr r?EUitS2 ±H iC T o ylCi.£ Cf piC^UCt . 

21 In addition, the product obtained was similar to thermal 

22 PIBSA in molecular weight. 
23 

24 Thus, the copolymers of the present invention are prepared 

25 by reacting a "reactive" high molecular weight olefin in 

26 which a high proportion of unsaturation, at least about 20% 

27 is in the al kylvinyl idene configuration, e.g. 
28 

29 „2 

30 / \ 
31 

32 wherein R and R v are as previously defined in conjunction 

33 with Formula 'III, with an unsaturated acidic reactant in the 

34 presence of a free radical initiator. The product copolymer 
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f I 

has alternating polyalkylene and succinic groups and has an 
average degree of polymerization of 1 or greater. 

The copolymers of the present invention have the general 
formula: 



2 ?4 



W Z' 

I I 
O-C C-0 R 

I I 

— CH-CH — C — C- 
I I 
R l R 3 



wherein W and Z' are independently selected from the group 
consisting of -OH, -O- lower alkyl or taken together are -O- 
to form a succinic anhydride group, n is one or greater; and 

o b » »«H P. ar» RPlprt.eH from hvdrooen. lower alkvl of 

l\o 6 carbon atoms, and high molecular weight polyalkyl 
wherein either R x and R 2 are hydrogen and one of R 3 and R 4 



is 



alkyl, or R 3 and R 4 are hydrogen and one of R x and R 2 
lower alkyl and the other is high molecular weight 
polyalkyl. 



In a preferred embodiment, when maleic anhydride is used as 
the unsaturated acidic reactant, the reaction produces 
copolymers predominately of the following formula: 
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l i 

R l R 3 



(IA) 



wherein n is about 1 to about 100 , preferably about 2 to 



about 20, more preferably 2 to 10, and R 2 * 



and R^ are 



selected from hydrogen, lower alkyl of about 1 to 6 carbon 
atoms and higher molecular weight polyalkyl, wherein either 
R x and R 2 are hydrogen and one of R^ and R 4 is lower alkyl 
and the other is high molecular weight polyalkyl or R 3 and 
R 4 are hydrogen and one of R x and R 2 is lower alkyl and the 
other is hiah molecular weiaht oolvalkvl- 



21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



Preferably, the high molecular weight polyalkyl group has at 
least about 30 carbon atoms (preferably at least about 50 
carbon atoms). Preferred high molecular weight polyalkyl 
groups include polyisobutyl groups. Preferred polyisobutyl 
groups include those having average molecular weights of 
about 500 to about 5000, more preferably from about 900 to 
about 2500. Preferred lower alkyl groups include methyl and 
ethyl; especially preferred lower alkyl groups include 
methyl. 

Generally, such copolymers contain an initiator group, I, 
and a terminator group, T, as a result of the reaction with 
the free radical initiator used in the polymerization 
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01 reaction. In such a case, the initiator and terminator 

02 groups may be 

03 0 0 

04 till 

05 R ? -, R ? 0-, R ? C-, R 7 OCO-, R ? 0C-0-, R ? -C-0- 

06 
07 
08 
09 
10 



32 
33 
34 



where R y is hydrogen, alkyl, aryl, alkaryl, cycloalkyl, 
alkoxy, cycloalkoxy, acyl, alkenyl, cycloalkenyl , alkynyl; 
or alkyl, aryl or alkaryl optionally substituted with 1 to 

11 4 substituents independently selected from nitrile, keto, 

12 halogen, nitro, alkyl, aryl, and the like. Alternatively, 

13 the initiator group and/or terminator group may be derived 

14 from the reaction product of the initiator with another 

15 material such as solvent; for example, the initiator may 

16 react with toluene to produce a benzyl radical. 

18 The copolymers of the present invention differ from the 

19 PlBSAs prepared by the thermal process in that the thermal 



JS 1_ * - I. «- — J _ ~3 mm m 4 mn 0m 1 •» K «r * * 

oror**»«5K nrnniirus uuiiLdiu a <uwu*«r.kc *-»^**«^ -» •**~- 9 -.. r 

t- — — ——— — Mr 



21 tuted succinic anhydride group. The copolymers of the 

22 present invention differ from the PlBSAs prepared by the 

23 chlorination process, since those products contain a double 

24 bond, a ring, other than a succinic anhydride ring or one or 
2 ^ more chlorine atoms. 

26 

27 The copolymers of the present invention contain no double 

28 bonds, rings, other than succinic anhydride rings, or 

29 chlorine atoms. In addition, the succinic anhydride groups 
3 ° are doubly substituted (i.e., have two substituents, one of 
31 which may be hydrogen) at the 2- and 3-positions, that is: 
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18 
19 

-> f% 

21 
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A(l) High Molecular Weight Polvalkvlene Group 

The high molecular weight polyalkyl group is derived from a 
high molecular weight olefin. The high molecular weight 
olefins used in the preparation of the copolymers of the 
present invention are of sufficiently long chain length so 
that the resulting composition is soluble in and compatible 
with mineral oils, fuels and the like? and the alkvlvinvl- 
idene isomer of the high molecular weight olefin comprises 
at least about 20% of the total olefin composition. 

Such high molecular weight olefins are generally mixtures of 
molecules having different molecular weights and can have at 
least one branch per 6 carbon atoms along the chain, pre- 
ferably at least one branch per 4 carbon atoms along the 
chain, and particularly preferred that there be about one 
branch per 2 carbon atoms along the chain. These branched 
chain olefins may conveniently comprise polyalkenes prepared 
by the polymerization of olefins of from 3 to 6 carbon 
atoms, and preferably from olefins of from 3 to 4 carbon 
atoms, and more preferably from propylene or isobutylene. 
The addition-polymerizable olefins employed are normally 
1-olefins. The branch may be of from 1 to 4 carbon atoms, 
more usually of from 1 to 2 carbon atoms and preferably 
methyl. 
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01 The preferred alkylvinylidene isomer comprises a methyl- or 

02 ethylvinylidene isomer, more preferably the methylvinylidene 

03 isomer. 
04 

The especially preferred high molecular weight olefins used 
to prepare the copolymers of the present invention are poly- 
isobutenes which comprise at least about 20% of the more 
reactive methylvinylidene isomer, preferably at least 50% 
and more preferably at least 70%. Suitable polyisobutenes 
include those prepared using BF 3 catalysis. The preparation 

11 of such polyisobutenes in which the methylvinylidene isomer 

12 comprises a high percentage of the total composition is 

13 described in U.S. Patents Nos. 4,152,499 and 4,605,808. 
14 

15 Polyisobutenes produced by conventional AlCl 3 catalysis when 

16 reacted with unsaturated acidic reactants, such as maleic 



05 
06 
07 
08 
09 
10 



A I 



27 
28 
29 



31 
32 



18 produce products similar to thermal PIBSA in molecular 

19 weight and thus do not produce a copolymer ic product. 

21 Preferred are polyisobutenes having average molecular 

22 weights of about 500 to about 5000. Especially preferred 

23 are those having average molecular weights of about 900 to 

24 about 2500. 
25 

26 A(2) Unsaturated Acidic R eactant 



The unsaturated acidic reactant used in the preparation of 
the copolymers of the present invention comprises a maleic 
30 or furoaric reactant of the general formula: 



O O 

II II 

33 X-C-CH = CH-C-X' 

34 
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01 wherein X and X' are the same or different, provided that at 

02 least one of X and X' is a group that is capable of reacting 

03 to esterify alcohols, form amides or amine salts with ammo- 

04 nia or amines, form metal salts with reactive metals or 

05 basically reacting metal compounds and otherwise function to 

06 acylate. Typically, X and/or X' is -OH, -O-hydrocarbyl , 

07 -OM* where M + represents one equivalent of a metal, ammonium 

08 or amine cation, -NH 2 , -CI, -Br, and taken together X and X~ 

09 can be -O- so as to form an anhydride. Preferably, X and X r 

10 are such that both carboxylic functions can enter into 

11 acylation reactions. Preferred are acidic reactants where X 

12 and X' are each independently selected from the group con- 

13 sisting of -OH, -Cl , -O- lower alkyl and when taken 

14 together, X and X' are -0-. Maleic anhydride is the pre- 

15 ferred acidic reactant. Other suitable acidic reactants 

16 include electron-deficient olefins such as monophenyl maleic 

17 anhydride; monomethyl, dimethyl, monochloro, monobromo, 

18 monofluoro, dichloro and difluoro maleic anhydride; N-phenyl 
10 maleimide and other substituted maleimides: i somaleimides : 

20 fumaric acid, maleic acid, aikyi hydrogen maleates and 

21 fumarates, dialkyl fumarates and maleates, fumaronilic acids 

22 and maleanic acids; and maleoni trile , and f umaronitrile . 
23 

24 Preferred unsaturated acidic reactants include maleic 

25 anhydride, and maleic acid. The particularly preferred 

26 acidic reactant is maleic anhydride. 
27 

28 A(3) General Preparation of Copolymer 

29 

30. As noted above, the copolymers of the present invention are 

31 prepared by reacting a reactive high molecular weight olefin 

32 and an unsaturated acidic reactant in the presence of a free 

33 radical initiator. 



/ 
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The reaction may be conducted at a temperature of about 
-30°C to about 210°C, preferably from about 40°C to about 
150°C. I have found that degree of polymerization is 
inversely proportional to temperature. Accordingly, for the 
preferred high molecular weight copolymers, it is advan- 
tageous to employ lower reaction temperatures. For example, 
if the reaction is conducted at about 138°C, an average 
degree of polymerization of about 1.3 was obtained. How- 
ever, if the reaction was conducted at a temperature of 
about 40 6 C, an average degree of polymerization of about 



01 
02 
03 
04 
05 
06 
07 
08 
09 
10 

11 10.5 was obtained. 
12 

13 The reaction may be conducted neat, that is, both the high 

14 molecular weight olefin, and acidic reactant and the free 

15 radical initiator are combined in the proper ratio, and then 

16 stirred at the reaction temperature. 

18 Alternatively, the reaction may be conducted in a diluent. 

19 For example, the reactants may be combined in a solvent. 

«-»tIs SClventS inciU?*? rf? 1 ?? 1 ? ?*» vrstrn rr»«» rMrranrs arm 

21 free radical initiator are soluble and include acetone, 

22 tetrahydrofuran, chloroform, methylene chloride, dichloro- 

23 ethane, toluene, dioxane, chlorobenzene , xylenes, or the 

24 like. After the reaction is complete, volatile components 

25 may be stripped off. When a diluent is employed, it is 

26 preferably inert to the reactants and products formed and is 

27 generally used in an amount sufficient to ensure efficient 

28 stirring. 
29 

30 Moreover, my colleague W. R. Ruhe, has discovered that in 

31 the preparation of polyPlBSA, improved results are obtained 

32 by using PIBSA or polyPIBSA as a solvent for the reaction. 

33 (See, e.g.. Examples 16, 17A and 17B herein.) 
34 
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in general,, the copolymerization can be initiated by any 
free radical initiator. Such initiators are well known in 
the art. However, the choice of free radical initiator may 
be influenced by the reaction temperature employed. 



01 
02 
03 
04 
05 

06 The preferred free-radical initiators are the peroxide-type 

07 polymerization initiators and the azo-type polymerization 

08 initiators. Radiation can also be used to initiate the 

09 reaction, if desired. 
10 

11 The peroxide-type free-radical initiator can be organic or 

12 inorganic, the organic having the general formula: R3OOR3' 

13 where R 3 is any organic radical and R 3 ' is selected from the 

14 group consisting of hydrogen and any organic radical. Both 

15 R 3 and R3' can be organic radicals, preferably hydrocarbon, 

16 aroyl, and acyl radicals, carrying, if desired, substituents 

17 sucn as naxogens, etc. rieieiteo petoxxaes uiciuub 

18 di-tert-butyl peroxide, tert-butyl peroxybenzoate , and 

19 dicumyl peroxide. 



21 Examples of other suitable peroxides, which in no way are 

22 limiting, include benzoyl peroxide; lauroyl peroxide; other 

23 tertiary butyl peroxides; 2,4-dichlorobenzoyl peroxide; 

24 tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl 

25 peroxide; acetyl hydroperoxide; diethylperoxycarbonate ; 

26 tertiary butyl perbenzoate; and the like. 
27 

28 The azo-type compounds, typified by alpha, alpha '-azo- 

29 bisisobutyronitrile., are also well-known free-radical 

30 promoting materials. These azo compounds can be defined as 

31 those having present in the molecule group -N«N wherein the 

32 balances are satisfied by organic radicals, at least one of 

33 which is preferably attached to a tertiary carbon. Other 

34 suitable azo compounds include, but are not limited to, 
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01 p-bromobenz.enediazonium fluoborate; p-tolyldiazoaminoben- 

02 zene; p-bromobenzenediazonium hydroxide; azome thane and 

03 phenyldiazonium halides. A suitable list of azo-type com- 

04 pounds can be found in U.S. Patent No. 2,551,813, issued 

05 May 8, 1951 to Paul Pinkney. 
06 

07 The amount of initiator to employ, exclusive of radiation, 

08 of course, depends to a large extent on the particular 

09 initiator chose, the high molecular olefin used and the 

10 reaction conditions. The initiator must, of course, be 

11 soluble in the reaction medium. The usual concentrations of 

12 initiator are between 0.001:1 and 0.2:1 moles of initiator 

13 per mole of acidic reactant, with preferred amounts between 

14 0.. 005:1 and 0.10:1. 
15 

16 The polymerization temperature must be sufficiently high to 

cals. For example, using benzoyl peroxide as the initiator, 
the reaction temperature can be between about 1S°C and about 

ur , w (- nrororahiy horwoon ahoyf Mil -r »firl ?f?n»r M 90 M "» ^ n ^ r 

and lower temperatures can be employed, a suitable broad 
range of temperatures being between about 20°C and about 

23 200°C, with preferred temperatures between about 50°C and 

24 about 150°C. 
25 

26 The reaction pressure should be sufficient to maintain the 

27 solvent in the liquid phase. Pressures can therefore vary 

28 between about atmospheric and 100 psig or higher, but the 

29 preferred pressure is atmospheric. 
30 

31 The reaction time is usually sufficient to result in the 

32 substantially complete conversion of the acidic reactant and 

33 high molecular weight olefin to copolymer. The reaction 

34 
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01 time is suitable between one and 24 hours, with preferred 

02 reaction times between two and ten hours. 
03 

04 As noted above, the subject reaction is a solution-type 

05 polymerization reaction. The high molecular weight olefin, 

06 acidic reactant, solvent and initiator can be brought 

07 together in any suitable manner. The important factors are 

08 intimate contact of the high molecular weight olefin and 

09 acidic reactant in the presence of a free-radical producing 

10 material. The reaction, for example, can be conducted in a 

11 batch system where the high molecular weight olefin is added 

12 all initially to a mixture of acidic reactant, initiator and 

13 solvent or the high molecular weight olefin can be added 

14 intermittently or continuously to the reaction pot. Alter- 

15 natively, the reactants may be combined in other orders; for 

16 example, acidic reactant and initiator may be added to high 

18 another manner, the components in the reaction mixture can 

19 be added continuously to a stirred reactor with continuous 
2 n r9 m.Au ? . ot » portion ?t tne product to e recovery train or 

21 to other reactors in series. The reaction can also suit- 

22 ably take place in a coil-type reactor where the components 

23 are added at one or more points along the coil. 
24 

25 in one envisioned embodiment, the reaction product of an 

26 unsaturated acidic reactant and a high molecular weight, 

27 high vinylidene-containing olefin is further reacted 

28 thermally. In this embodiment, any unreacted olefin, 

29 generally the more hindered olefins, i.e., the non-vinyl- 

30 idene, that do not react readily with the unsaturated acidic 

31 reactant under free radical conditions are reacted with 

32 unsaturated acidic reactant under thermal conditions, i.e., 

33 at temperatures of about 180° to 280°C. These conditions 
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I 



01 



are similar, to those used for preparing thermal process 

02 PIBSA. 

04 The reaction solvent, as noted above, must be one which 

05 dissolves both the acidic reactant and the high molecular 

06 weight olefin. It is necessary to dissolve the acidic 

07 reactant and high molecular weight olefin so as to bring 

08 them into intimate contact in the solution polymerization 

09 reaction. It has been found that the solvent must also be 

10 one in which the resultant copolymers are soluble. 

11 
12 
13 
14 
15 
16 



18 
19 
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21 
22 
23 
24 



26 
27 



Suitable solvents include liquid saturated or aromatic 
hydrocarbons having from six to 20 carbon atoms; ketones 
having from three to five carbon atoms; and liquid saturated 
aliphatic dihalogenated hydrocarbons having from one to five 
carbon atoms per molecule, preferably from one to three car- 



1 1 • £ j»n J- — . •» *■ 14 #4 



the conditions of polymerization. In the dihalogenated 
hydrocarbons, the halogens are preferably on adjacent carbon 



itOSVS. SV *.~*w^w* • — 



Tno amrninr or 



solvent must be such that it can dissolve the acidic reac- 
tant and high molecular weight olefin in addition to the 
resulting copolymers. The volume ratio of solvent to high 
molecular weight olefin is suitably between 1:1 and 100:1 



25 and is preferably between 1.5:1 and 4:1 



suitable solvents include the ketones having from three to 

2 8 six carbon atoms and the saturated dichlorinated hydro- 

29 carbons having from one to five, more preferably one to 

30 three, carbon atoms. 



31 
32 
33 to: 
34 



Examples of suitable solvents include, but are not limited • 
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01 1. ketones, such as: acetone; niethylethylketone ; 

02 diethylketonej and methylisobutylketone ; 
03 

04 2. aromatic hydrocarbons , such as: benzene; xylene; and 

05 toluene ; 
06 

07 3. saturated dihalogenated hydrocarbons, such as: 

08 dichloromethane ; dibromome thane ; l-bromo-2-chloroethane ; 

09 1 , 1-dibromoe thane ; 1 , 1-dichloroe thane ; 

10 1 t 2-dichloroe thane ; 1 , 3-dibromopropane ; 

11 1 , 2-dibromopropane ; 1 , 2-dibromo-2-me thylpropane ; 

12 1 , 2-dichloropropane; 1 , 1-dichloropropane ; 

13 1 , 3-dichloropropane ; l-bromo-2-chloropropane ; 

14 1,2-dichlorobutane; 1 , 5-dibromopentane ; and 

15 1 # 5-dichloropentane ; or 
16 

18 methylethylketone. 
19 

v ij m K nor#»p nrpvi nils ly ; W . «. wnnp Hr* ?? •? 1 5C9V?r?(5 tH5t C*f ?! 



21 mixture of copolymer and polyisobutene as a solvent results 

22 in improved yields and advantageously dissolves the acidic 

23 reactant when used as a reaction medium. 
24 

25 The copolymer is conveniently separated from solvent and 

26 unreacted acidic reactant by conventional procedures such as 

27 phase separation, solvent distillation, precipitation and 

28 the like. If desired, dispersing agents and/or cosolvents 

29 may be used during the reaction. 
30 

31 The isolated copolymer may then be reacted with a polyamine 

32 to form a polymeric succinimide. The preparation and 
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01 characterization of such polysuccinimides and their treat- 

02 ment with other agents to give other dispersant compositions 

03 is described herein. 
04 

05 A(4) Preferred Copolymers 

06 

07 Preferred copolymers include those where an unsaturated 

08 acidic reactant, most preferably maleic anhydride, is 

09 copolyroerized with a "reactive" polyisobutene, in which at 

10 least about 50 percent or more of the polyisobutene com- 

11 prises the alkylvinylidene , more preferably, the methyl- 

12 vinylidene, isomer, to give a "pclyPIBSA" . 
13 

14 Preferred are polyPIBSAs wherein the polyisobutyl group has 

15 an average molecular weight of about 500 to about 5000, more 

16 preferably from about 950 to about 2500. Preferred are 

17 polyPIBSAs having an averaqe decree of oolvwpr<?»f 

18 about 1.1 to about 20, more preferably from about 1.5 to 

19 about 10* 

21 B. POLYSUCCINIMIDES 

22 

23 The polyamino polysuccinimides of the present invention are 

24 prepared by reacting a copolymer of the present invention 

25 with a polyamine. Polysuccinimides which may be prepared 

26 include monopolysuccinimides (where a polyamine component 

27 reacts with one succinic group), bis-polysuccinimides (where 

28 a polyamine component reacts with a succinic group from each 

29 of two copolymer molecules), higher succinimides (where a 

30 polyamine component reacts with a succinic group from each 

31 of more than 2 copolymer molecules) or mixtures thereof. 

32 The polysuccinimide( s) produced may depend on the charge 

33 mole ratio of polyamine to succinic groups in the copolymer 

34 molecule and the particular polyamine used. Using a charge 
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01 mole ratio of polyamine to succinic groups in copolymer of 

02 about 1.0, predominately monopolysuccinimide is obtained. 

03 Charge mole ratios of polyamine to succinic group in copoly- 

04 mer of about 1:2 may produce predominately bis-polysucci- 

05 nimide. Higher polysuccinimides may be produced if there is 

06 branching in the polyamine so that it may react with a 

07 succinic group from each of greater than 2 copolymer 

08 molecules. 
09 

10 B(l) Preferred Copolymers 

11 

12 Preferred copolymers include polyPIBSAs prepared according 

13 to the present invention as described hereinabove. 
14 

15 Preferred polyPIBSAs include those prepared using a poly- 

16 isobutene of average molecular weight of about 500 to about 

17 5000, preferably of about 950 to about 2500 and wherein at 

18 least about 50 percent of the total polyisobutene comprises 

19 the alkylvinylidene isomer. Preferred alkylvinylidene 

20 iaumc TS include iue thy 1 vinyl iueiie oTiu ethylV a Ay 1 luetic • 

21 Especially preferred is methylvinylidene . Preferred are 

22 polyPIBSAs having an average degree of polymerization of 

23 about 1.1 to about 15. Particularly preferred polyPIBSAs 

24 have an average degree of polymerization of about 1.5 to 

25 about 10, and which are prepared using a polyisobutene 

26 having an average molecular weight of about 900 to about 

27 2500. 
28 

29 B(2) Polyamine 

30 

31 The polyamine employed to prepare the polyamino poly- 

32 succinimides is preferably polyamine having from 2 to about 

33 12 amine nitrogen atoms and from 2 to about 40 carbon atoms. 

34 The polyamine is reacted with polyPIBSA to produce the poly- 
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01 amino polysuccinimide, employed in this invention. The 

02 polyamine is so selected so as to provide at least one basic 

03 amine per succinimide group. Since the reaction of a 

04 nitrogen of a polyamino polysuccinimide to form a hydro- 

05 carbyl oxycarbonyl, a hydroxy hydrocarbyl oxycarbonyl or a 

06 hydroxy polyoxyalkylene oxycarbonyl is believed to effi- 

07 ciently proceed through a secondary or primary amine, at 

08 least one of the basic amine atoms of the polyamino poly- 
succinimide must either be a primary amine or a secondary 
amine. Accordingly, in those instances in which the 
succinimide group contains only one basic amine, that amine 
must either be a primary amine or a secondary amine. The 
polyamine preferably has a carbon-to-nitrogen ratio of from 

14 about 1:1 to about 10:1. 

15 

16 The polyamine portion of the polyamino polysuccinimide may 

.... _.*-—»--?»- •-- w„J___ 

Is lb) "hydrocarbyl groups of "from 5 *! to about 10 carbon atoms, 
19 (c) acyl groups of from 2 to about 10 carbon atoms, and 



09 
10 
11 
12 
13 



21 
22 



24 

25 
26 
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and lower alkoxy derivatives of (b) and (c). "Lower", as 
used in terms like "lower alkyl" or "lower alkoxy", means a 
23 group containing from 1 to about 6 carbon atoms. At least 
one of the substituents on one of the amines of the 
polyamine is hydrogen, e.g., at least one of the basic 
nitrogen atoms of the polyamine is a primary or secondary 
27 amino nitrogen atom. 
28 

29 Hydrocarbyl, as used in describing the polyamine components 

30 of this invention, denotes an organic radical composed of 

31 carbon and hydrogen which may be aliphatic, alicyclic, 

32 aromatic or combinations thereof, e.g., aralkyl. Prefer- 

33 ably, the hydrocarbyl group will be relatively free of 

34 aliphatic unsaturation, i.e., ethylenic and acetylenic. 
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01 particularly acetylenic unsaturation. The substituted 

02 polyamines of the present invention are generally, but not 

03 necessarily, N-siibstituted polyamines. Exemplary hydro- 

04 carbyl groups and substituted hydrocarbyl groups include 

05 alkyls such as methyl, ethyl, propyl, butyl, isobutyl, 

06 pentyl, hexyl, octyl, etc,, alkenyls such as propenyl, 

07 isobutenyl, hexenyl, octenyl, etc., hydroxyalkyls , such as 
06 2-hydroxyethyl, 3-hydroxypropyl , hydroxyisopropyl, 

09 4-hydroxybutyl, etc. ketoalkyls, such as 2-ketopropyl , 

10 6-ketooctyl, etc., alkoxy and lower alkenoxy alkyls, such as 

11 ethoxyethyl, ethoxypropyl , propoxyethyl , propoxypropyl , 

12 2- ( 2-e thoxye thoxy ) e thy 1 , 2- ( 2- { 2-e thoxy-e thoxy ) e thoxy ) e t hy 1 , 

13 3,6,9,12-tetraoxatetradecyl, 2- ( 2-e thoxye thoxy ) hexyl , etc. 

14 The acyl groups of the aforementioned (c) substituents are 

15 such as propionyl, acetyl, etc. The more preferred substit- 

16 uents are hydrogen, Cj-Cg alkyls and C^-Cg hydroxyalkyls. 
17 

18 in a substituted polyamine the substituents are found at any 

19 atom capable of receiving them. The substituted atoms, 

20 e.g., juts ti tutcsS nitrogen steins, circ gens roily gscnistri — 

21 cally inequivalent , and consequently the substituted amines 

22 finding use in the present invention can be mixtures of 

23 mono- and polysubstituted polyamines with substituent groups 

24 situated at equivalent and/or inequivalent atoms. 

25 

26 The more preferred polyamine finding use within the scope of 

27 the present invention is a polyalkylene polyamine, including 

28 alkylene diamine, and including substituted polyamines, 

29 e.g., alkyl substituted polyalkylene polyamine. Preferably, 

30 the alkylene group contains from 2 to 6 carbon atoms, there 

31 being preferably from 2 to 3 carbon atoms between the 

32 nitrogen atoms. Such groups are exemplified by ethylene, 

33 1,2-propylene, 2 , 2-dimethylpropylene , tr imethylene , etc. 

34 Examples of such polyamines include ethylene diamine. 
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01 diethylene triamine, di ( trime thylene ) triamine , dipropylene 

02 triamine, triethylene tetramine, tripropylene tetramine, 

03 tetraethylene pentaroine, and pentaethylene hexamine. Such 

04 amines encompass isomers such as branched-chain polyamine 

05 and the previously mentioned substituted polyamines, 

06 including hydrocarbyl-substi tuted polyamines. Among the 

07 polyalkylene polyamines, those containing 2-12 amine 

08 nitrogen atoms and 2-24 carbon atoms are especially 

09 preferred, and the C 2 ~C 5 alkylene polyamines are most 

10 preferred, in particular, the lower polyalkylene polyamines, 

11 e.g., ethylene diamine, dipropylene triamine, etc. 

13 Preferred polyamines also include heavy polyamines such as 

14 polyamine HPA available from Union Carbide. 
15 

16 The polyamine component also may contain heterocyclic poly- 



18 heterocyclic compounds, wherein the heterocycle comprises 

19 one or more 5 to 6-membered rings containing oxygen and/or 
2C nirmrj*»n «v»cr? ne t e r ccycl es z?.~y saturated or unsaturated 

21 and substituted with groups selected from the aforementioned 

22 (a), (b), (c) and (d). The heterocycles are exemplified by 

23 piperazines, such as 2-methylpiperazine , N-( 2-hydroxyethyl )- 

24 piperazine, 1 , 2-bis- ( n-piperazinyl ) ethane , and N,N r -bis(N- 

25 pi pe razinyl ) piperazine, 2 -methyl imidazoline , 3-amino- 

26 piperidine , 2-aminopyridine , 2-( 3-aminoethyl )-3-pyrroline , 

27 3-aminopyrrolidine, N-( 3-aminopropyl )-morpholine , etc. 

28 Among the heterocyclic compounds, the piperazines are 

29 preferred. 

30 

31 Typical polyamines that can be used to form the compounds of 

32 this invention include the following: 

33 
34 
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01 ethylene diamine, 1 ,2-propylene diamine, 1 , 3-propylene 

02 diamine, diethylene triamine, triethylene tetramine, 

03 hexamethylene diamine, tetraethylene pentamine, methyl- 

04 aminopropylene diamine, N-(betaaminoethyl )piperazine, 

05 N,N»-di(betaaminoethyl)pipera2ine, N,N'-di (beta-amino- 

06 ethyl )-imidazolidone-2, N-(beta-cyanoethyl)ethane-l,2- 

07 diamine, 1,3,6,9-tetraaminooctadecane, l,3,6-triamino-9- 

08 oxadecane, N-(beta-aminoethyl)diethanolamine, N-methyl-1 , 2- 

09 propanediamine, 2-( 2-aminoethylamino )-ethanol , 2-( 2-( 2-amino- 

10 ethylamino)ethylaminoJ-ethanol. 
11 

12 Another group of suitable polyamines are the propylene- 

13 amines, (bisaminopropylethylenediamines ) . Propyleneamines 

14 are prepared by the reaction of acrylonitrile with an 

15 ethyleneamine, for example, an ethyleneamine having the 

16 formula H^CH^NH) jH wherein is an integer from 1 to 5, 

17 follow*** Kv \>„a~ I* ~ J 

- — — ^^uiuaat ifiue rmeaiate . 

18 Thus, the product prepared from ethylene diamine and 

19 acrylonitrile would be H 2 N(CH 2 ) 3 NH(CH 2 ) 2 NH(CH, ) ? NH, . 
2G 

21 in many instances the polyamine used as a reactant in the 

22 production of polysuccinimides of the present invention is 

23 not a single compound but a mixture in which one or several 

24 compounds predominate with the average composition indi- 

25 cated. For example, tetraethylene pentamine prepared by the 

26 polymerization of aziridine or the reaction of dichloro- 

27 ethylene and ammonia will have both lower and higher amine 

28 members, e.g., triethylene tetramine, substituted 

29 Piperazines and pentaethylene hexamine, but the composition 

30 will be largely tetraethylene pentamine and the empirical 

31 formula of the total amine composition will closely 

32 approximate that of tetraethylene pentamine. Finally, 

33 preparing the polysuccinimide for use in this invention. 

34 where the various nitrogen atoms of the polyamine are not 
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organic Compounds", Saunders, Philadelphia, 2nd Ed., 1957; 
and Kirk-Othmer's "Encyclopedia of Chemical Technology", 2nd 
Ed., especially Volume 2, pp. 99-116. 



01 geometrically equivalent, several substitutional isomers are 

02 possible and are encompassed within the final product. 

03 Methods of preparation of polyamines and their reactions are 

04 detailed in Sidgewick's "The Organic Chemistry of Nitrogen", 

05 Clarendon Press, Oxford, 1966; Noller's "Chemistry of 

06 
07 
08 
09 

10 b(3) General pre paration 

^2 The polysuccinimides are prepared by reacting copolymer with 

13 a polyamine to form a mono-, bis-polysuccinimide , higher 

14 polysuccinimide or mixtures thereof. The charge mole ratio 

15 of polyamine to succinic groups in copolymer may determine 
the mixture of polysuccinimides formed. For example, a 
product comprising mono-, bis-polysuccinimide or higher 
polysuccinimide can be prepared by controlling cne moi*i 
ratios of the polyamine and succinic groups in copolymer and 
♦ h» r ,Oy* m i n« used. Thus, if about one mole of polyamine is 

21 reacted with one mole of succinic gcoup in the ccpclyscr, a 

22 predominately mono-polysuccinimide product will be prepared. 
If about two moles of succinic group in the copolymer are 
reacted per mole of polyamine, a bis-polysuccinimide may be 
prepared. If higher amounts of succinic group in copolymer 
are used, higher polysuccinimides may be prepared provided 
that there are sufficient basic amino groups (or sufficient 
branching) in the polyamine to react with a succinic group 
from each of several copolymer molecules to produce the 

30 higher polysuccinimide. Due to the cross-linking of 

31 copolymer molecules by the polyamine component, compositions 

32 of very high molecular weight, on the order of about 10,000 

33 to about 100,000 may be prepared. 
34 



WO 90/03359 



PCT/US89/04270 



36 



The reaction of a polyamine with an alkenyl or alkyl 



01 

02 succinic anhydride to produce the polyamino alkenyl or alkyl 

03 succinimides is well known in the art and is disclosed in 

04 U.S. Patents Nos. 2,992,708? 3,018,291; 3,024,237; 

05 3,100,673; 3,219,666; 3,172,892; and 3,272,746. The above 

06 are incorporated herein by reference for their disclosures 

07 of preparing alkenyl or alkyl succinimides. The present 

08 polysuccinimides may be prepared by following the general 

09 procedures described therein. 
10 

11 Accordingly, polyamine and copolymer are contacted at the 

12 desired molar ratio to give the desired mono-, bispoly- 

13 succinimides or higher polysuccinimides or mixtures thereof. 

14 The reaction may be carried out neat or preferably in 

15 solution. Suitable solvents include organic solvents, 

16 including alcohols, aliphatic and aromatic solvents, and the 

17 AiKe. Tne reaction is conauctea at a temperature or aoout 

18 80°C to about 250°C, preferably from about 120°C to about 

19 180°C and is generally complete within about 2 to about 24 
reaction si ay be conducted under anient pressure 



21 and atmospheric conditions, although a nitrogen atmosphere 

22 at atmospheric pressure may be preferred. The desired 

23 product may be isolated by conventional procedures, such as 

24 water wash and stripping, usually with the aid of vacuum, of 

25 any residual solvent. 
26 

27 b(4) General Preparation of Preferred Polysuccin imides 

28 

29 The preferred polysuccinimides of the present invention are 

30 prepared by reacting a polyPIBSA copolymer of the present 

31 invention with polyamine. The charge mole ratio of 

32 polyamine to succinic groups in the polyPIBSA will effect 

33 whether monopolysuccinimides , bis-polysuccinimides , or 

34 higher polysuccinimides or mixtures thereof are produced 



WO 90/03359 



PCT/US89/04270 



3/ 

01 and/or predominate. Accordingly, with a charge mole ratio 

02 (CMR) of about one mole of polyamine per mole of succinic 

03 groups in the polyElBSA primarily mono-polysuccinimide will 

04 be formed. However, at a CMR of 0.5 mole polyamine per mole 

05 of succinic group in the polyFIBSA, there is a tendency to 

06 form bis-polysuccinimides where the polyamine component acts 

07 to link two succinic groups, thusly forming a cross-linked 

08 composition. Accordingly, the reaction of polyPIBSA and 

09 polyamine will yield a mixture of products which I term 

10 "polysuccinimides" and which term includes monopolysuccini- 

11 mides, also higher succinimides and bis-polysuccinimides and 

12 compositions of intermediate structure. 
13 

14 The reaction is carried out by contacting polyamine and 

15 polyPIBSA. Although the ratio of the reactants is not 

16 critical, as noted above a CMR may be chosen so as to yield 

17 desired oolvsuccinimide ornnnrf innc tKo »a*.«-4 i ~ 

18 carried out at a temperature sufficient to cause reaction of 

19 the polyamine with a succinic group of the polyPIBSA. In 

21 180°C are preferred, with temperatures from about 140°C to 

22 about 170°C being especially preferred, 
23 

24 The reaction may be conducted neat - that is both the 

25 polyamine and the polyPIBSA are combined and then stirred at 

26 the reaction temperature. 
27 

28 Alternatively, the reaction may be conducted in a diluent. 

29 For example, the reactants may be combined in a solvent such 

30 as aliphatic or aromatic solvents, and the like, and then 

31 stirred at the reaction temperature. After completion of 

32 the reaction, volatile components may be stripped off. when 
33 

34 
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Preferred are polyainines having from about 2 to about 12 
amine nitrogen atoms and from about 2 to about 40 carbon 
atoms. The more preferred polyamines employed in this 
reaction are generally represented by the formula: 



01 a diluent is employed, it is preferably inert to the reac- 

02 tants and products formed and is generally used in an amount 

03 sufficient to ensure efficient stirring. 
04 

05 
06 
07 
08 
09 

!<> H 2 N(YNH) a H 
11 

12 wherein Y is an alkylene group of 2 to 10 carbon atoms, 

13 preferably from 2 to 6 carbon atoms, and a is an integer 

14 from about 1 to 11, preferably from 1 to 6. However, the 

15 preparation of these alkylene polyamines does not produce a 

16 single compound and cyclic heterocycles, such as piperazine, 

— .s. CA wc«c in tne aj.xyj.ene diamines. 

18 

19 B(5) Preferred PoOysuccin lmides 

21 (a) Monopolysuccinimides 

22 

23 Preferred monopolysuccinimides include those having the 

24 following formula: 
25 

26 
27 
28 
29 
30 
31 
32 
33 
34 
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01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 

A. t 

18 
19 

2- 0 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



R 5 R 6 

N 
I 

An 



N 



R l R 3 



wherein Am is a linking group having from about 0 to about 
10 amine nitrogen atoms and from about 2 to about 40 carbon 



atoms; n is 1 or greater and Rj_, R- 



and Rj are selected 



from hydrogen lower alkyl of 1 to 6 carbon atoms; and high 
molecular weight poiyaiKyi ; wnerein eitner « x ana « 2 aie 
hydrogen and one of R3 and R 4 is lower alkyl and the other 
is hiah molecular weight polyalkyl or R, and R^ are hydrogen 

and one u£ ^2 *** * ww " - ~ 

molecular weight polyalkyl; and R & and R g are independently 
hydrogen, lower alkyl of 1 to 6 carbon atoms, phenyl or 
taken together are alkylene of 3 to 6 carbon atoms to give a 
ring. 

Preferred high molecular weight polyalkyl groups include 
polyisobutyl groups having at least about 30 carbon atoms, 
more preferably, at least about 50 carbon atoms. Especially 
preferred are polyisobutyl groups having an average 
molecular weight of about 500 to about 5000. more preferably 
from about 900 to about 2500. 
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01 Preferred lower alkyl groups include methyl and ethyl. 

02 Especially preferred are compounds where the lower alkyl 

03 group is methyl. 
04 

05 Preferred are compounds where R^ and R g are hydrogen or 

06 methyl; preferred R g and R g groups include hydrogen. 
07 

08 Preferred are Am groups having from about 0 to about 10 

09 amine nitrogen atoms and from about 2 to about 40 carbon 

10 atoms. More preferred are Am groups of the formula 

11 -[ (ZNH)p)Z* J- wherein z and Z' are independently alkylene of 

12 from about 2 to about 6 carbon atoms and p is an integer 

13 from 1 to 6. Especially preferred are Am groups where Z and 

14 Z r are ethylene and p is 2, 3 or 4. 
15 

16 Preferred are compounds where n is from about 2 to about 20 , 

17 more preferably from about z to aoour iu. 
18 

19 Preferred are compounds having an average degree of polymer- 

^ y A «*n w a v#*A w 4- a. w**» wt^s ww* w ^ . * ww — w y — — *• — ^ 

21 about 1.5 to about 10. 
22 

23 (b) Bis-polysuccinimides 

24 

25 Preferred polysuccinimides include those which partially 

26 comprise at least in part a bis-polysuccinimide structure. 

27 Some of these preferred polysuccinimides are random poly- 

28 succinimides which comprise units selected from: 

29 
30 
31 
32 
33 
34 
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01 

02 

03 

04 

OS 

06 

07 

06 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

*> w 

21 

22 

23 

24 

25 

26 

27 
28 
29 
30 
31 
32 
33 
34 



B 



\ / 
N 

I 

Am 
I 

N 



and 




I 



wherein Am is a linking group having from about 0 to 10 
amine nitrogen atoms and from about 2 to 40 carbon atoms; 

X' ~*2' "3' ~4' "1 ' * % 2 ' ~3 9 *4 ' **l w 2 ' K 3 ' ana R 4 " 
are selected from hydrogen, lower alkyl of one to 6 carbon 

atoms and high molecular weight polyalkyl; wherein either R, 



the other is polyalkyl, or 
R 



R 3 and R 4 



1 t. . . 1 



are hydrogen and one of 



V 



and R 2 is lower alkyl and the other is polyalkyl; either 

nd R^ r is lower 
and R* ' are 



and R 2 ' 



are hydrogen and one of R 3 ' 



alkyl and the other is polyalkyl, or R 



hydrogen and one of R- 9 and R- 9 



3 - 4 
is lower alkyl and the other 



is polyalkyl; and either R 2 " and R 2 W are hydrogen and one of 
is lower alkyl and the other is polyalkyl or R 3 M 



R 3 



and R 4 " 



and R 4 W are hydrogen and one of R- 



and R 2 n 



is lower alkyl 



and the other is polyalkyl and R g and R 6 are independently 
hydrogen, lower alkyl of 1 to 6 carbon atoms, phenyl or 
taken together are alkylene of 3 to 6 carbon atoms to give a 
ring; a, a', b and b' are sites for a covalent bond provided 
that at least one a or a' site of each unit is covalently 
bonded to a b or b' site. 
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01 Preferred polyalkyl groups include polyisobutyl groups 

02 having at least about 30 carbon atoms, more preferably at 

03 least about 50 carbon atoms* Especially preferred are 

04 polyisobutyl groups having an average molecular weight of 

05 about 500 to about 5000, more preferably from about 900 to 

06 about 2500. 
07 

08 Preferred lower alkyl groups include methyl and ethyl; 

09 especially preferred is ethyl. 
10 

11 Preferred Am groups include those having the formula 

12 f(ZNH)pZ']- wherein Z and Z' are independently alkylene of 2 

13 to 6 carbon atoms and p is an integer from 0 to 5. 

14 Especially preferred are Am groups wherein Z and Z r are 

15 ethylene and p is 1, 2 or 3. 

17 rieicLieu aie ictnuum poiybuccinimiaes wnete tne average sum 

26 of A and B units is from about 2 to about 50. preferred are 

29 random polysuccinimides having molecular weights of from 

•» r\ «riniir t ft . finfi rr% ahnnr % n 1 1 11 it 

*»\* ' . 

21 

22 Preferred are compounds in which the bis-succinimide 

23 structure predominates, that is those having more B units 

24 than A units, preferably on the order of about 2 to about 10 

25 times as many B units as A units. Such compounds are 

26 preferred in part due to their high average molecular 

27 weights, on the order of about 10,000 to about 150,000 which 

28 mav be related to their exhibiting an advantageous V.I. 

29 credit as well as dispersantability when used in a 

30 lubricating oil composition. 

31 

32 It is believed that polysuccinimide compounds in which a 

33 significant portion comprises a bis-polysuccinimide 

34 structure (an embodiment which is exemplified in FIG. 1) 
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01 comprise network or ladder polymers. Such polymers are 

02 cross-linked in an orderly manner. It is believed that this 

03 orderly cross-linking allows for the formation of composi- 

04 tions having very high molecular weights , on the order of 

05 about 10,000 to about 150,000 and also contributes to the 

06 advantageous properties of these compositions including 

07 improved dispersancy and V.I. credit. In addition, due to 

08 the cross-linking of the copolymer molecules by the poly- 

09 amine to form the polysuccinimides of the above-noted 

10 structure, such products are harder to hydrolyze and are 

11 more stable to shear forces than are those polysuccinimides 

12 which do not form the ladder structure. 
13 

14 (c) Higher Polysuccinimides 

15 

16 Higher polysuccinimides are prepared by reacting the copoly- 

17 mers of the present invention with a oolvaninp hav^nn 

18 branching such that it can react with a succinic group from 

19 each of greater than two copolymer molecules. Due to this 

29 <-roeeH«lri~g, It iZ bclicVCd that 1»cdc iiiuiiei uoiysucci- 

21 nimides may have gel-like properties besides the dispersant 

22 properties possessed by the other polysuccinimides. 
23 

24 C. POLYAMINO POLYSUCCINIMIDES WHEREIN ONE 

OR MORE OF THE NITROGENS IS SUBSTITUTED 

25 WITH HYDROCARBYL OXYCARBONYL, HYDROXY HYDROCARBYL 

26 OXYCARBONYL, OR HYDROXY POLY ( OXYALKYLENE ) OXYCARBONYL ) 
2? OR THE POLYSUCCINIMIDE IS OTHERWISE POST-TREATED 

28 Commonly-assigned U.S. Patent No. 4,612,132 discloses poly- 

29 amino alkenyl or alkyl succinimides wherein one or more of 

30 the nitrogens of the polyamino moiety is substituted with a 

31 hydrocarbyl oxycarbonyl, or a hydroxy hydrocarbyl oxycar- 

32 bonyl wherein said hydrocarbyl contains from 1 to about 20 

33 carbon atoms and said hydroxy hydrocarbyl contains from 

34 about 2 to about 20 carbon atoms which may be prepared by 
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01 reaction with a cyclic carbonate; by reaction with a linear 

02 mono- or polycarbonate; or by reaction with a suitable 

03 chloroformate and hydroxy poly( oxyalkylene )oxycarbonyl which 

04 may be formed by reaction with a suitable chloroformate. 

05 U.S. Patent No. 4,612,132 also discloses processes for the 

06 preparation of such modified polyamino alkenyl or alkyl 

07 succinimides . 
08 

09 U.S. Patent No. 4,612,132 also discloses the post-treating 

10 of hydroxyhydrocarbyl carbamates prepared from polyamino 

11 alkenyl or alkyl succinimides with an alkenyl or alkyl 

12 succinic anhydride. 
13 

14 in addition, U.S. Patent No. 4 , 612 , 132 discloses the reac- 

15 tion of the modified succinimides disclosed therein with 

16 boric acid or similar boron compound to give borated 

18 No. 4,612,132 is incorporated herein by reference. 
19 

_ _ . • ^ f * 3 5 _ _ ^ _ — 

>m rntnmnn t y RRfiianen u . » - ruceiiL wu. **.jo^,juu »a x o »_ -l woe o 

21 improved dispersants prepared by reacting other 

22 nitrogen-containing dispersants with cyclic carbonates, the 

23 disclosure of which is incorporated herein by reference. 
24 

25 Accordingly, by following the procedures disclosed in U.S. 

26 Patents Nos. 4,612,132 and 4,585,566, modified polysuccini- 

27 mides may be prepared. Thus, the polyamino polysuccinimides 

28 wherein one or more of the nitrogens of the polyamino moiety 

29 is substituted with a hydrocarbyl oxycarbonyl, or a hydroxy 

30 hydrocarbyl oxycarbonyl wherein said hydrocarbyl contains 

31 from 1 to about 20 carbon atoms and said hydroxy hydrocarbyl 

32 contains from 2 to about 20 carbon atoms may be prepared by 

33 reaction with a cyclic carbonate; by reaction with a linear 

34 mono- or poly-carbonate; or by reaction with a suitable 
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01 chloroformate . Hydroxy poly ( oxyalkylene ) oxycarbonyl may be 

02 formed by reaction with a suitable chloroformate* Also, 

03 hydroxy hydrocarbyl carbamates prepared from the polysucci- 

04 nimides of the present invention may be post-treated with an 

05 alkenyl or alkyl succinic anhydride (or even the copolymers 

06 of the present invention (such as polyPIBSA) according to 

07 the procedures disclosed in U.S. Patents Nos. 4,612,132 and 

08 4,585,566. The products so produced are effective disper- 

09 sant and detergent additives for lubricating oils and for 

10 fuel. 
11 

12 The polysuccinimides and modified polysuccinimides of this 

13 invention can also be reacted with boric acid or a similar 

14 boron compound to form borated dispersants having utility 

15 within the scope of this invention. In addition to boric 

16 acid (boron acid), examples of suitable boron compounds 

11 include Ho r on ayiHac hnrnn Ha1^/3ac z»r*A *-» * v.~ — i — 

18 acid. Generally from about 0.1 equivalents to 10 equiva- 

19 lents of boron compound to the polysuccinimide or modified 

y ii uul y bULLinimiue may be emp j oypri . 
21 

22 Commonly-assigned U.S. Patent No. 4,615,826 discloses the 

23 treating' of a succinimide having at least one basic nitrogen 

24 with a f luorophosphoric acid or ammonium salt thereof to 

25 give a hydrocarbon-soluble f luorophosphoric acid adduct- 

26 Accordingly, the disclosure of U.S. Patent No. 4,615,826 is 

27 incorporated herein by reference. 
28 

29 By following the disclosure of U.S. Patent No. 4,615,826, 

30 hydrocarbon-soluble f luorophosphoric adducts of the poly- 

31 succinimides of the present invention may be prepared. Such 

32 adducts comprise the reaction product of a polysuccinimide 

33 of the present invention and a f luorophosphoric acid or 
34 
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